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Abstract
Vaccination is the most efficient strategy to prevent infectious disease. The increased vulnerability to infection of the elderly makes
them a particularly important target population for vaccination. However, most vaccines are less immunogenic and efficient in the
elderly because of age-related changes in the immune system. Vaccination against influenza, Streptococcus pneumoniae and varicella zoster
virus is recommended for the elderly in many countries. Various strategies such as the use of adjuvants and novel administration routes
are pursued to improve influenza vaccination for the elderly and recent developments in the field of pneumococcal vaccination led to
the licensure of protein-conjugated polysaccharide vaccines containing up to 13 serotypes. As antibody titres are generally lower in the
elderly and—particularly for inactivated vaccines—decline fast in the elderly, regular booster immunizations, for example against tetanus,
diphtheria and, in endemic areas, tick-borne encephalitis, are essential during adulthood to ensure protection of the elderly. With
increasing health and travel opportunities in old age the importance of travel vaccines for persons over the age of 60 is growing. How-
ever, little is known about immunogenicity and efficacy of travel vaccines in this age group. Despite major advances in the field of vacci-
nology over the last decades, there are still possibilities for improvement concerning vaccines for the elderly. Novel approaches, such
as viral vectors for antigen delivery, DNA-based vaccines and innovative adjuvants, particularly toll-like receptor agonists, will help to
achieve optimal protection against infectious diseases in old age.
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Introduction
Life expectancy has risen dramatically over the last century
and population projections foresee that the European popu-
lation will continue to age in future decades. Between 1990
and 2010 the percentage of persons aged 65 years or over
has risen from 13.9% to 17.4% in the European population
(EU-27) and is estimated to reach 30% by 2060 (European
Commission, Demography Report 2010. http://ec.europa.eu/
eurostat). This development confronts societies with a signif-
icant socioeconomic challenge and will put tremendous pres-
sure on health systems. Keeping people healthy in old age is
one of the most important strategies to respond to these
challenges.
Vaccination is the most efficient measure to prevent infec-
tious disease, as shown for many childhood vaccines that led
to a dramatic decrease of infections in children. As severity
and incidence of infections increase with age [1], the elderly
are a particularly important target population for vaccination.
However, it has been shown that most vaccines are less
immunogenic and therefore less efficient in the elderly
because of age-related changes of the innate and adaptive
immune system, collectively termed immunosenescence. A
schematic overview of the innate and adaptive immune sys-
tem is shown in Fig. 1 and processes that are affected by im-
munosenescence are highlighted with roman numerals. With
increasing age haematopoietic stem cells differentiate prefer-
entially into myeloid progenitors at the expense of the lym-
phoid lineage. Therefore, the numbers of innate immune
cells of the myeloid lineage do not decrease with age. The
number of natural killer cells is even increased with age,
however, natural killer cell functions, for example cytotoxic-
ity (I) and cytokine production (II), decrease on a per cell
basis. Chemotaxis is disturbed in neutrophils, monocytes/
macrophages and dendritic cells and impaired microbicidal
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function (III) as a consequence of reduced phagocytosis (IV)
and superoxide production can also be observed in neu-
trophils as well as monocytes/macrophages. Reduced phago-
cytic capacity of dendritic cells (V) also leads to impaired
antigen presentation and activation of adaptive immune
responses (VI). In addition, there are also age-related altera-
tions in toll-like receptor (TLR) -signalling, which are of par-
ticular interest in the context of vaccination, as many novel
adjuvants target different TLRs. One of the hallmarks of im-
munosenescence is the gradual replacement of functional
thymic tissue by fat, leading to a dramatically reduced output
of newly generated naive T cells, which is reflected by low
numbers of naive T cells in peripheral blood and lymphoid
organs (VII). Concomitantly, antigen-experienced T cells
accumulate (VIII). With increasing age the T-cell compart-
ment is skewed more towards highly differentiated effector
T cells bearing large clonal expansions and thereby limiting
the T-cell repertoire. Highly differentiated effector T cells
produce less interleukin-2 and more proinflammatory cyto-
kines such as interferon-c and tumour necrosis factor-a con-
tributing—together with cells of the innate immune
system—to the low-grade proinflammatory background
observed in the elderly. Elderly persons often lack high-affin-
ity antibody responses to infectious agents and vaccination,
which can partly be explained by defects in T-cell help (IX),
but is also the result of intrinsic defects within the B-cell
pool. It has been demonstrated that B-cell generation in the
bone marrow is affected at several developmental stages
leading to a decreased output and therefore diminished num-
bers of naive B cells (X) in mice, and that antigen-experi-
enced B cells accumulate at the same time. However,
changes of B-cell subpopulations with age are more contro-
versially discussed for humans. Defects in class-switch
recombination and somatic hypermutation (XI) have been
described and molecularly characterized in old mice, but are
mechanistically less clear for humans. Sequence analysis dem-
onstrated that the B-cell repertoire reflected by the diversity
of B-cell receptors is limited in old age and is associated with
frailty. The concept of immunosenescence has been reviewed
in detail by our group and others [2–9].
Several vaccines, such as influenza and pneumococcal vac-
cines, are specifically recommended for the elderly. Vaccine
recommendations vary in individual countries and Table 1
summarizes official recommendations for adults and for the
elderly in the USA and in Germany, as an example of a Euro-
pean country. There are initiatives for harmonized European
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FIG. 1 Schematic representation of the innate and adaptive immune system. Cell types and cellular functions affected by aging are marked with
red roman numbers.
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vaccine recommendations for the elderly, which have been
summarized by Michel et al. [10].
This review will introduce vaccines that are recommended
in the elderly with a particular focus on the effect of age on
immunogenicity and efficacy, and will give an outlook on
novel strategies aiming to improve protection of the elderly.
Influenza vaccine
Infections with seasonal influenza virus are a major cause of
vaccine-preventable disease mortality with 25–50 million
cases of influenza estimated to occur in the USA resulting in
30 000–50 000 deaths, mainly in the elderly population [11].
The primary strategy for prevention of influenza disease is
vaccination. Annual vaccination against influenza with an inac-
tivated trivalent vaccine is generally recommended for per-
sons with underlying chronic diseases such as pulmonary,
renal, coronary or heart disease, those who are immunosup-
pressed and for elderly individuals with different age limits in
individual countries. A live-attenuated nasal vaccine is
licensed in the USA for use in healthy children above the age
of 2 years and healthy adults under the age of 50 years
[12,13]. A recent meta-analysis of randomized controlled tri-
als showed a decrease of influenza symptoms (risk difference
3%, 95% CI 2–5; well-matched circulating virus) in vaccinated
adults under the age of 65 years, but no significant effect of
influenza vaccination on complications and hospitalizations in
this age group [14]. Unfortunately, most studies in elderly
cohorts are not randomized controlled trials but rely on
observational data. The assessment of clinical efficacy of
influenza vaccination is difficult and comparison of different
studies is complicated by different outcome parameters,
varying cohorts and variable epidemiological factors such as
prevalence of the virus, virulence of the circulating strain and
matching of vaccine and circulating viral strains. Despite
these uncertainties, several systematic reviews and meta-
analyses demonstrate clinical efficacy of influenza vaccination,
as hospitalization as a consequence of influenza and overall
deaths are reduced in vaccinated elderly cohorts [15–19].
Immunogenicity of influenza vaccines is generally measured
based on haemagglutination inhibition (HAI) antibody con-
centrations. Antibody responses after vaccination are lower
in the elderly compared with young adults and are even fur-
ther decreased in the very old. Most studies additionally
investigate rates of seroprotection (HAI ‡1:40) and serocon-
version (titre increase at least four-fold), which are fre-
quently also lower in the elderly. Goodwin et al. [20]
performed a meta-analysis of 31 studies and demonstrated
unadjusted odds ratios (OR) of 0.48 (95% CI 0.41–0.55;
H1N1), 0.63 (0.55–0.73; H3N2), and 0.38 (0.33–0.44; B) for
seroconversion and 0.47 (0.40–0.55; H1N1), 0.53 (0.45–0.63;
H2N3), and 0.58 (0.50–0.67; B) for seroprotection in a com-
parison of old and young adults. However, HAI titres are
imperfect correlates of protection because laboratory-con-
firmed influenza infections have been documented despite
the presence of HAI titres ‡1:640 [21]. It has been demon-
strated that the quality of antibody responses, namely the
repertoire and affinity of antibodies, are altered in the
elderly [22,23], corroborating that HAI titres alone are not
sufficient for evaluation of vaccine immunogenicity. This
should also be taken into account when validating new vac-
cines or vaccination strategies. Generally, viral vaccines are
believed to promote protection by inducing neutralizing anti-
body responses; however, cell-mediated immunity also plays
an important role in controlling viral infections. Similar to
the humoral immune response, cell-mediated immunity after
vaccination is lower in the elderly compared with young
adults [24–26].
Optimizing influenza vaccination for the elderly is a major
task, and to make the most of existing vaccines, strategies
that offer indirect protection of the elderly by vaccination of
other populations are a promising option. Vaccination of
healthy children could decrease the incidence of influenza in
the elderly, because children are very efficient transmitters
of the virus [27,28]. In addition, vaccination of healthcare
workers, particularly in long-term care facilities, can be a
successful strategy to reduce patient mortality [29,30].
Despite a general recommendation for vaccination of health-
care workers in many European countries, vaccination cover-
age is disappointingly low in this group [31]. Increased
antigen dosage [32,33] and two-dose schedules [34,35] gave
conflicting results with regard to antibody titres and the
benefit, which can be achieved by higher antigen doses
and booster vaccinations, seems to depend on the specific
TABLE 1. Official vaccination recommendations for the
USA and for Germany for the year 2011
Germany USA
Tetanus Every 10 years Every 10 years
Diphtheria Every 10 years Every 10 years
Pertussis (acellular) Once during adulthood Once during adulthood
Tick-borne encephalitis In risk areas –
Streptococcus pneumoniaea Once over 60 Once over 65b
Influenza Annual over 60 Annual
Varicella zoster virus – Once over 60
Included are vaccines that are recommended for all adults including the elderly
(white) or for specific age-groups only (shaded). Recommendations for specific
target groups, such as persons with underlying diseases or occupational risks
are not listed here. Data from http://www.rki.de Epidemiologisches Bulletin 30/
2011.
a23-valent polysaccharide vaccine.
bRepeated vaccination is recommended for risk groups.
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vaccinee cohort and on the timing of booster intervals.
These limitations need to be kept in mind for further studies.
Recently, a high-dose inactivated influenza vaccine has been
licensed in the USA for use in the elderly [33]. Two adju-
vanted influenza vaccines, one subunit vaccine adjuvanted
with MF59 (oil-in-water-emulsion) [36] and a virosomal [37]
vaccine, were registered in several countries and shown to
induce higher anti-haemagglutinin antibody titres compared
with non-adjuvanted vaccines in several studies [37–39],
although others did not confirm the increased immunogenic-
ity [40,41]. Further investigations are required to clarify this
issue and to confirm the clinical benefits of adjuvanted influ-
enza vaccines.
Pneumococcal vaccine
Infections with Streptococcus pneumoniae account for 25–35%
of bacterial pneumonias requiring hospitalization and are a
significant cause for morbidity and mortality in the elderly
[42]. The current pneumococcal vaccine contains polysaccha-
rides of 23 pneumococcal serotypes (PPV) and is recom-
mended for the elderly in several countries. As PPV is a
polysaccharide vaccine, it elicits only T-cell-independent anti-
body responses, induces no immunological memory and does
not show a booster effect upon repeated vaccination. The
efficacy of PPV to prevent pneumococcal disease is contro-
versial. A meta-analysis of 22 studies demonstrated that vac-
cination with PPV reduces the risk of invasive pneumococcal
disease (OR 0.26; 95% CI 0.15–0.46) and to a lesser extent
all-cause pneumonia (OR 0.71; 95% CI 0.52–0.97) in adults
[43]. However, efficacy of PPV against pneumococcal pneu-
monia in the elderly is often doubted. In their meta-analysis
Melegaro and Edmunds [44] report a non-significant vaccine
efficacy of 16% (95% CI )50 to 53) against pneumonia in
healthy elderly. In contrast to these data, a recent random-
ized placebo-controlled study in nursing homes showed a
63.8% (95% CI 32.1–80.7) reduction of pneumococcal pneu-
monia in vaccinated institutionalized elderly [45] and Vila-
Corcoles et al. [46] demonstrated a reduced incidence of all
pneumococcal pneumonia (OR 0.52; 95% CI 0.37–0.73), bac-
teraemic pneumococcal pneumonia (OR 0.34; 95% CI 0.27–
0.66) and non-bacteraemic pneumococcal pneumonia (OR
0.58; 95% CI 0.39–0.86) in persons over the age of 50 years.
Meta-analyses of vaccine efficacy are complicated by hetero-
geneous study populations, such as institutionalized versus
community-dwelling elderly as well as varying read-out
parameters (pneumococcal pneumonia, all-cause pneumonia,
hospitalization due to pneumonia). Serotype-specific antibody
concentrations, which are accepted as correlates of protec-
tion, are lower in the elderly and in individuals with underly-
ing disease [42,47]. A heptavalent, protein-conjugated
pneumococcal vaccine (PCV7), which has been used for
childhood vaccination, is capable of eliciting memory
responses in children and allows booster vaccinations. PCV7
is also more immunogenic in the elderly compared with PPV
and shows a booster effect following a second vaccination
1 year later [48]. Vaccination of children with PCV decreases
the transmission of S. pneumoniae to the elderly and thereby
provides indirect protection against the seven serotypes
included in the vaccine [49]. Recently, conjugated vaccines
containing up to 13 different serotypes have been developed
and replaced PCV7 for childhood vaccination in some coun-
tries [50]. PCV13 has also been licensed for persons over
the age of 50 years. Current vaccination recommendations
still include the polysaccharide vaccine for the elderly, but
future updates will probably consider recommendations for
the use of PCV13 in the elderly.
Herpes zoster vaccine
The incidence of herpes zoster increases with age and rises
from 1.1–2.9 per 1000 in persons under 50 years to 10.9
per 1000 in persons over 80 years [51]. The lifetime risk for
herpes zoster is c.50% among those who reach 85 years of
age [52]. The most common complication of herpes zoster
is postherpetic neuralgia, which is characterized by persistent
pain for months after acute herpes zoster. Especially in the
elderly, postherpetic neuralgia can have a dramatic impact on
activities of daily living and these restrictions can lead to loss
of independence and institutionalization [53]. It is not clear
what induces reactivation of the virus, but it has been postu-
lated that reactivation occurs once T-cell-mediated immunity
against varicella zoster virus falls below a crucial level
because—compared with young adults—fewer varicella zos-
ter virus-specific T cells are detectable in the elderly [54,55].
Vaccination of elderly persons with the live attenuated Oka-
strain, which is also used for childhood vaccination against
chickenpox, leads to increased numbers of varicella zoster
virus-specific T cells [56] persisting for several years [57].
In 2006 a vaccine containing a high dose of this attenuated
varicella zoster virus Oka-strain has been licensed for vacci-
nation of the elderly. This vaccine has been shown to
induce antibody and T-cell responses in the elderly [58]
and in a large study proved to be clinically efficient because
vaccination reduced the incidence of herpes zoster by
51.3% (95% CI 44.2–57.6) in the total population. However,
efficacy was only 37.6% in persons over 69 years. The inci-
dence of postherpetic neuralgia was reduced by 66.5% (95%
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CI 44.5–79.2) in the total study cohort independent of age
[59].
Other vaccines
Vaccines, not specifically recommended for the elderly, but
administered to all adults, should also be evaluated in per-
sons older than 60 years. Vaccination against tetanus (Clos-
tridium tetani), diphtheria (Corynebacterium diphtheriae) and
pertussis (Bordetella pertussis) is recommended every
10 years in many countries. Although these diseases have
become less frequent as a result of successful vaccination,
they have not disappeared. In endemic areas, which include
regions in 27 European states, vaccination against tick-borne
encephalitis and booster immunizations every 5 years are
recommended with an inactivated vaccine. For persons living
outside areas where the disease is endemic immunization
against tick-borne encephalitis can be of importance as a tra-
vel vaccination. It has been shown that time since the last
vaccination, as well as age, has an impact on antibody titres
against tetanus and tick-borne encephalitis. At all time-points
antibody titres are lower in the elderly compared with young
adults, and antibody titres are negatively correlated with the
time since the last vaccination [60]. Similar data for diphthe-
ria and pertussis are still missing. Pre-booster antibody ti-
tres against tetanus, diphtheria and TBE are positively
correlated with the respective post-booster antibody titres
[61]. These findings indicate that the success of booster
immunizations depends on the existence of residual antibod-
ies and suggest a role for memory B cells and long-lived
plasma cells in the maintenance of immunological protec-
tion. Regular booster immunizations throughout adulthood
ensure sustained protection and are crucial for successful
vaccination in old age.
As a consequence of the increased life expectancy and
mobility of elderly persons, a substantial fraction of travellers
in tropical areas are currently of advanced age (e.g. 14% over
65 years in the USA) [62], and travel vaccines are therefore
an emerging issue in the context of vaccination of the
elderly. Vaccination against diseases such as typhoid and yel-
low fever, Japanese encephalitis and rabies will be a first con-
tact with neo-antigen for most elderly travellers. However,
hepatitis A, hepatitis B and tick-born encephalitis can also
represent new antigens for travellers who have never had
contact with the disease or the vaccine. As the number of
antigen-inexperienced naive T and B cells, and thereby the
immunological repertoire, is reduced in the elderly it can be
hypothesized that elderly persons will not fully respond to
neo-antigens in the context of vaccination. General immuni-
zation guidelines for travel vaccines are relying primarily on
data from studies with young adults.
Several studies have shown lower antibody titres and
seroconversion rates as well as slower antibody responses in
middle-aged compared with young adults after vaccination
against hepatitis A virus. However, only limited data are
available on the immunogenicity and efficacy of hepatitis A
vaccine in the elderly (>60 years) [63–66]. It is therefore
crucial to vaccinate early enough before travelling to allow
for the development of an adequate antibody response, for
titre controls, and eventually for booster vaccination, if there
is no adequate protection. Hepatitis B vaccination is recom-
mended for elderly persons with selected risk factors.
Besides travellers to high-risk regions this includes healthcare
workers, haemodialysis patients and house-hold contacts of
hepatitis B virus-infected persons. Antibody titres against the
hepatitis B surface antigen are lower and the percentage of
non-responders without protective antibody concentrations
increases with age [67,68]. To improve hepatitis B vaccina-
tion for the elderly and for immunocompromised adults,
alternative routes of administration, such as intradermal
injection, higher doses of hepatitis B surface antigen, altera-
tions in the immunization schedule and an increased number
of doses have been suggested. However, these different
approaches have not yet been evaluated sufficiently in ran-
domized trials. New adjuvant technology to replace the cur-
rently used aluminium salts led to promising results in
healthy adults but has not yet been tested in the elderly [69].
Despite the fact that yellow fever is relatively rare in trav-
ellers, vaccination with a live-attenuated vaccine is recom-
mended for journeys in endemic areas and several African
and South American countries require documented yellow
fever vaccination within the last 10 years for official entry.
Seroconversion rates are very high in young adults [70], but
few data are available on seroconversion rates, antibody ti-
tres, timing of antibody responses or clinical efficacy of vacci-
nation for elderly persons. However, there have been
reports that severe adverse effects, including hospitalization
and death, are more frequent in the elderly [71,72]. Little
information is available on vaccination of the elderly against
other diseases such as for instance Japanese encephalitis and
typhoid fever. Incidence and severity of both infections is
increased in old age [73,74]. Parenteral vaccines based on
bacterial polysaccharides as well as an oral live-attenuated
vaccine are available against Salmonella typhi. Recently, a new
cell-culture-derived inactivated vaccine against Japanese
encephalitis has been licensed [75] in addition to the tradi-
tional vaccine, which is purified from mouse brain. However,
most studies on efficacy involve vaccinees in endemic areas
[76–78]. These data cannot be extrapolated to a naive popu-
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lation of travellers, because vaccination in endemic areas is
likely to elicit booster responses of already existing immunity
after natural contact.
Future challenges
Despite major advances in the field of vaccinology over the
last decades, there are still possibilities for improvement,
particularly concerning vaccines for the elderly. As described
above, most existing vaccines are less immunogenic in the
elderly and many different strategies are currently pursued
to optimize vaccine efficacy in the elderly. Several new
approaches for influenza vaccines are under investigation,
including the use of live recombinant viral vectors for the
delivery of influenza antigens, proteosome vaccines and
DNA-based vaccines (summarized in ref. [79]). Cutaneous
administration of influenza vaccination is a highly attractive
alternative to intramuscular vaccination as the skin harbours
a variety of immune cells including dendritic cells, monocytes,
macrophages and also accessory cells such as keratinocytes
[80]. Several different technical approaches for cutaneous
vaccination such as patches with arrays of antigen-coated mi-
croneedles [81,82], cyanoacrylate skin surface stripping [83]
and immunostimulatory patches, coated with heat-labile
enterotoxin from Escherichia coli [84] are currently under
investigation. The first intradermal influenza vaccine is based
on an inactivated split-vaccine without adjuvant and is deliv-
ered in ready-to-use microinjection devices, which ensure
intradermal delivery of the vaccine. Immunogenicity of the
intradermally administered vaccine has been shown to be
increased in the elderly in the first clinical trials compared
with intramuscular injection of the same antigen dose and
the vaccine has been licensed in Europe for the 2009/10
influenza season. For S. pneumoniae a universal pneumococcal
vaccine covering all serotypes and providing broader protec-
tion in the elderly is desirable. Several protein-based vaccine
candidates are currently developed and mainly focus on
pneumolysin and surface proteins as antigens. Studies in ani-
mal models show varying effectiveness against bacterial chal-
lenge. However, individual studies are difficult to compare
because study design, route of administration, use of adju-
vants and challenge protocols differ greatly [85]. Further
research to optimize pneumococcal vaccines is required.
Recent research focuses on the development of novel ad-
juvants, which enhance or modulate vaccine-induced immune
responses and could be useful to improve the immunogenic-
ity of various antigens in the elderly. Substances targeting
TLRs such as the lipopeptides Pam2Cys and Pam3Cys
(TLR2), the double-strand RNA analogue poly:IC and its
derivatives (TLR3), monophosphoryl lipid A and other TLR4
agonists, the TLR5 agonist flagellin, imidazoquinolines (TLR7/
8) and CpG oligodeoxy nucleotides (TLR9) aim to induce
proinflammatory chemokines/cytokines and type I interferons.
Detailed reviews summarizing the use of TLR agonists as adju-
vants and giving an overview on current clinical development
have recently been published [86,87]. However, one has to
keep in mind that there are age-related alterations in TLR-sig-
nalling. Surface expression of TLR1 is reduced on the mono-
cytes of elderly persons [88] leading to decreased production
of interleukin-6 and tumour necrosis factor-a following TLR1/
2 engagement, upregulation of the co-stimulatory molecule
CD80 is impaired after stimulation of various TLRs such as
TLR1, TLR2, TLR 4, TLR5, TLR6 and TLR-induced alterations
of CD80 expression have been shown to be associated with
antibody responses after influenza vaccination [89]. Age-
related changes of TLR function have also been described for
dendritic cells, but are controversial. A recent study using pri-
mary myeloid and plasmacytoid dendritic cells showed that
there is an age-related defect in the production of several
cytokines after stimulation via almost all TLRs tested, which is
correlated with the generation of protective antibodies after
influenza vaccination [90]. Therefore, it seems essential to
test these substances specifically in the elderly to ensure ade-
quate adjuvanticity also in this age group. Several other types
of adjuvants such as oil-in-water emulsions (e.g. MF59), lipo-
somes or saponins are also in use or under development.
Novel adjuvant strategies often also rely on combinations of
different substances, for example alum plus monophosphoryl
lipid A (AS04), KLK peptide plus TLR9 agonist (IC31), immu-
nostimulatory complexes based on 40 nm cage-like particles
(ISCOM, cholesterol plus phospholipids plus saponin), lipo-
somes or oil-in-water emulsions plus monophosphoryl lipid A
plus saponin (AS01/AS02) (reviewed in refs [91,92]).
Currently, no vaccines are available against nosocomial
bacterial infections. In view of increasing resistance to antibiot-
ics, vaccination could be a very efficient strategy to reduce the
burden of hospital-acquired infections. As elderly persons are
hospitalized more frequently they could be a primary target
for those vaccines. However, little research is currently deal-
ing with these issues. Staphylococcus aureus, particularly methi-
cillin-resistant strains, Clostridium difficile, E. coli, Klebsiella
pneumoniae and—albeit not a bacterial infection—Candida spp.
could be considered as targets for vaccine development [93].
Conclusion
Immunosenescence contributes to decreased immune
responses after vaccination of elderly individuals. Nevertheless,
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vaccination is the most effective strategy to prevent infec-
tious diseases. Public awareness is needed that not only chil-
dren, but also adults, and in particular the elderly, benefit
from vaccination. Further research to gain deeper insight
into basic mechanisms of immunosenescence, investigation of
licensed vaccines in the elderly, adaptation of vaccination
strategies and development of new vaccines, modes of
administration and adjuvants will help to achieve optimal pro-
tection in old age.
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